Cutaneous infections occurring in abattoir workers are an under-recognized cause of occupational morbidity. This study examined the incident rates of cutaneous infection in a medium sized metropolitan abattoir in Adelaide, South Australia. The results show that cutaneous infections are common (0.65 per 1,000 working days) and that there exists an association between the nature of the work task within the abattoir and infection rates. Specifically, those individuals handling animal hides have higher rates of infection compared to other workers. The implications of these findings are discussed with particular emphasis on the prevention of these infections.
INTRODUCTION
In South Australia meatworkers suffer more than five times the rate of injury of the South Australian workforce as a whole. 1 The most common injury types are musculoskeletal sprains/strains (40%) and lacerations (40%). 2 Zoonotic infections are also a well-known occupational hazard for meatworkers. Cutaneous infections are not specifically mentioned in most occupational health and safety statistics pertaining to meatworkers. However, local experience suggests that these infections contribute substantially to the burden of occupational disease suffered by abattoir workers.
This study examined incident cases of infection at a metropolitan abattoir, and endeavoured to determine the factors important in infection causation.
The abattoir selected for study was a large metropolitan abattoir situated on the outskirts of Adelaide, South Australia. Currently, the abattoir processes beef, mutton and goats for the domestic and export market. About 90% of the product is exported. At full capacity, 417 bodies of beef and 3,600 bodies of mutton are processed each day. 
MATERIALS AND METHODS

Study design
The study was a prospective cohort study, with a follow-up period of 12 months. We aimed to gather data in order to establish the incident rate of cutaneous infection in abattoir workers and to examine whether significant differences existed in the incidence of infection in different work groups within the abattoir.
The study population was defined as all people who handled animals, meat or meat products and who worked at least one day at the abattoir between 1 July 1991 and 30 June 1992.
Due to the work practice of the abattoir, the study population was not present in its entirety for each working day. The number of workers in each of the occupational groups, as well as the total number of workers on site for that day changed from day to day. The problem was controlled in the study by calculating the number of person-days worked in each job category. This was done by extracting this information from company records on a daily basis, allowing total person days over the entire study period to be determined.
Data for the study were recorded on a standard data collection form. Clinical data were recorded at the time of presentation by the on-site treating doctor. Infection was deemed to be present using clinical criteria (such as suppurating wound, erythema, local tenderness, lymphangitis and lymphadenopathy, fever and response to antibiotics) and where possible and clinically appropriate was confirmed by swabs taken and sent to an accredited laboratory for microscopy and culture. Work-group classification was determined by asking the individual what duties they were engaged in when they first noticed signs and symptoms.
Time of incapacity for work and time on alternate duties were determined from the medical certificates.
Capture of data
All cases of infection where the worker sought medical attention and claimed workers compensation were included in the study. These were all treated on site at the occupational health department of the abattoir. This fact was established by examination of all medical certificates completed on behalf of all injured abattoir employees during the study period.
Analysis of data
Data were entered using Epi-Info Version 5.
3 Data examining the associations of work group classification with infection rate were analyzed using incidence density calculations. These were compared using rate difference and rate ratios of infection occurrence between workgroups. Ninety-five per cent confidence intervals were constructed around these estimates as described by Rothman and others/" 5 Workgroups were divided into three categories: (1) those who frequently handled hides, namely beef slaughtermen, mutton slaughtermen and skin shed labourers; (2) those who occasionally handled hides, namely beef slaughterfloor labourers, mutton slaughterfloor labourers, lairage workers and by-products labourers and (3) those who never handled hides, namely beef and mutton boners and slicers, beef and mutton boning room labourers, offal labourers and maintenance workers.
Importantly in this abattoir, individuals involved in hide handling jobs did not work in non hide handling jobs or vice versa, therefore avoiding the risk of misclassification bias in the distinction of groups regarding hide handling activities.
RESULTS
A total of 51 new cases of compensable cutaneous infection were seen at the abattoir during the study period. No person refused to participate in the study and no cases were missed on review of all workers compensation certificates for the study period.
Analysis by job description
The infection rate for each job classification is given in Table 1 . In Table 2 , infection rates are given for occupational categories grouped according to frequency of handling hides. Table 3 shows the incidence rate ratio of infection by work group classified according to frequency of handling hides. In order to examine the relationship between laceration and infection, Table 4 shows data on the laceration rate of each of the job categories. The rate of infection following these lacerations in each group is calculated and expressed as a proportion of lacerations becoming infected. The rate of laceration without infection in each group is also presented. Age distribution and gender effects were examined for the possibility of confounding. No differences in rates of infection according to age or gender were found. 
Loss of productivity
No time was lost in 47/51 (92%) of the cases, one day was lost in four cases, and two days in a further one case. Alternative duties were arranged in the majority of cases (Table 5 ). The mean number of days on alternative duties was 7.9, range 0-21, total 405 days. Table 6 shows the range of organisms cultured, and their frequency. Thirty-three cases were swabbed and a pathogenic organism was cultured in 22 cases (67%). In 11 cases no significant growth was detected despite clear clinical signs and symptoms of infection being present. Eighteen cases were not swabbed as no pus was accessible in the infected site. 
Organisms cultured
DISCUSSION
There were 51 cases of compensable cutaneous infection in a total of 79,386 person-days, an overall incidence density of 0.65 per 1,000 person-days. It is possible that these results under-estimate the rate of infection, as only those infections where the workers claimed that the problem was work-related and sought medical advice were included in the study. However, there was no suggestion of systematic under-reporting in any of the work groups. Infection rates by workgroup are compared by rate ratio in Table 3 . The infection rate in those handling hides frequently is significantly greater than those handling hides only occasionally. Comparison of those who frequently handle hides and those who never handle hides also demonstrates a significant increase in infection rates for frequent hide handlers. There is no significant difference between those handling hides occasionally and those who never handle hides.
Of those work groups in the 'frequently handled hides' category, (slaughterers and skin shed labourers), slaughterers have the highest rates of infection, both with and without laceration. Not surprisingly, they also have the highest reported rates of laceration (Table  4) . This no doubt reflects the nature of the work as slaughterers engage in work involving handling dirty hides using knives with no hand protection ( Figure  1 ). Skin shed labourers handle partially washed hides and use knives less frequently than slaughterers. The dirty hides are covered in soil and faeces making them excellent carriers of pathogenic organisms. In addition, the presence of plant burrs in the hides frequently results in puncture wounds to the skin.
It is possible that other factors common to the hide handling work group predispose them to an increased incidence of infection. For example, a lack of protective gloves may predispose them to other injuries or conditions such as bone scratches, abrasions and dermatitis.
Relationship of laceration to infection
When infection rates and laceration are compared by work group, it is evident that the work group who frequently handle hides have the highest incident rates for infection, both preceded by laceration and independent of preceding laceration. Several observations can be made from these data.
• Beef slaughtermen have a high rate of laceration (4.16/1000 person-days) compared with other groups. They also have a high rate of infected lacerations (30% of all lacerations), and of infections not preceded by laceration (1.66/1000 person-days).
• Mutton slaughtermen have a lower rate of laceration (0.93/1000 person-days) and of infected lacerations (0.31/1000 person-days) but a high rate of infection not preceded by laceration (1.95/1000 person-days). • Mutton boners also have a high rate of laceration (2.15/1000 person days) but did not develop one infected laceration, and only developed one infection (following a bone scratch).
These observations suggest that laceration is not always associated with infection, but are consistent with the idea that hide handling (presumably because of its 'dirty' nature) predisposes the workers to infection.
Loss of productivity
The low number of claims that resulted in days lost from work (5/51) supports the view that statistics which only consider 'days lost' claims will significantly under-estimate the true impact of cutaneous infection. In this study the maximum time lost was only two days. However, the frequency of days on alternate duties illustrates that time lost from normal duties (as opposed to time lost from work) may be substantial. This may reflect the practice of this particular abattoir with its emphasis on an alternate duties programme. The alternative management approach would involve more time off work for these injuries.
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These data demonstrate that cutaneous infection has a significant effect on the burden of compensable disability suffered by meatworkers, and on the costs of compensation. The mean time away from normal duties was 7.9 days, and the sum of total time on alternate duties for the 51 infection cases was 405 days. This was equivalent to two people on alternate duties nearly every working day of the study period. This represents a significant loss of productivity, as many of these workers are skilled in their trade. In addition, loss of these skills for the period of convalescence means that additional employees must be retained to cover the loss of manpower for this time. This cost burden on industry is not necessarily reflected in the workers compensation statistics but is clearly very significant. No attempt to quantify the personal costs of these infections was made in this study, although they are clearly significant.
Frequency of infection by organism
The frequent finding of 5. aureus as the pathogenic organism in this study has implications for treatment. Usually, treatment is given empirically prior to results of culture being available. Given that S 1 . aureus was most commonly found, treatment with penicillin as a first line antibiotic is inappropriate. Fifteen of the 19 types of 5. aureus cultured were resistant to penicillin. However, all types of S. aureus cultured were sensitive to cephalexin, flucloxacillin and tetracyclines. Two of the cultures showed resistance to erythromycin. Amongst the other types of organism, sensitivity to cephalexin was seen for both cases of E. coli, the Group B Bhaemolytic streptococcus and 5. pyogenes. C.freundii was resistant to cephalexin. Therefore, the choice of cephalexin as a first line treatment of abattoir infections would seem to be appropriate in Australia at this time given the profiles of sensitivities found.
removing burrs and seeds.
Protective gloves. Protective gloves which are laceration resistant would be of benefit in reducing the incidence of injury which precedes infection and consequently in reducing infection incidence also. Gloves made of a high strength polyethylene fibre have recently been introduced into Australia and may provide some protection. Issues such as cleaning gloves in keeping with food handling hygiene requirements and also worker comfort and acceptance would need to be considered, but a trial of the glove in high-risk groups may be worthwhile.
Preventive measures directed at S. aureus. Preventive measures specifically directed at the most frequently detected causative organism (S. aureus) should be considered. The use of an antiseptic hand wash which may specifically act against S. aureus may help to reduce the risk of this organism infecting existing wounds. Chlorhexidine gluconate is effective against a broad spectrum of bacteria, including S. aureus and also demonstrates residual anti-microbial activity against 5. aureus.
Other preventive measures. Other preventive measures have been suggested to reduce infection. 6 
"
12 Scrupulous attention to minor injuries at a first aid level, and covering of injuries and infected lesions prior to working in the abattoir are emphasized. The employment of health care personnel to oversee prevention and treatment programmes is recommended. Meticulous cleansing of tools may help to eliminate possible environmental vectors of spread of infection. Keeping of records of cases and hygiene surveillance can help to alert occupational health personnel as to possible factors which may be relevant in both epidemic and non-epidemic cases of occupational skin infection.
PREVENTION
On the basis of this research, several recommendations can be made to reduce the incidence of infection in these workers:
Addressing the issue of dirty hides may be beneficial in reducing infection incidence. Cattle, particularly grainfed beef, could be thoroughly hosed with water prior to slaughter. Hosing would need to occur at least 24 hours prior to slaughter as cattle are not permitted to be slaughtered with wet hides, as this may result in contaminated water running onto the meat. This could occur prior to the transport of cattle to the abattoir in single story trucks.
Reduction in grass seeds and plant burrs in sheep wool presents a more difficult problem. Sheep that are shorn before slaughter do not present a hazard, but many sheep are sent to slaughter with thick coats of wool. Wetting the wool would be of little benefit in
CONCLUSION
Compensable cutaneous infection in abattoir workers constitutes a greater component of occupational disease than may be recognized from workers compensation statistics. Although time lost from work is minimal, the time lost from normal duties is substantial. This morbidity is costly and potentially preventable. Measures directed at reducing the incidence of these infections have significant benefits to the meat processing industry as a whole.
